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Abstract —The behaviour of iron hydroxo derivatives in alkaline solutions under the conditions of 
battery positive electrode performance and the effect of iron hydroxo species on the latter are considered 
together with the specificity of the lithium cation. This specificity has been revealed, in particular, in its 
influence on the dissolution/crystallization kinetics of ferric hydroxide in alkaline electrolytes using Moss- 
bauer spectroscopic measurements. The conclusion is drawn that lithium hydroxide suppresses the two 
main processes which lead to alkaline battery nickel hydroxide electrode degradation upon accumulation 
of the iron impurity during cycling, ie, (i) the well-known decrease in anodic oxygen evolution over¬ 
potential (equivalent to a lower efficiency of the charging process) due to electrocatalysis by iron species, 
and (ii) the formation of a certain ferric oxyhydroxide structure (a-FeOOH), which affects the kinetics of 
phase transitions in the electrode active material, via recrystallization of labile poorly crystallized and/or 
amorphous forms. 

Key words: nickel hydroxide electrode, iron impurity, lithium cation, alkaline electrolytes, Mossbauer 
spectroscopy. 


INTRODUCTION 

Iron impurity has long been known to exert a detri¬ 
mental effect on alkaline battery nickel hydroxide 
electrodes (nhe) of various types lowering their 
charging efficiency, capacity and nickel utilization 
factor[l-9]. This effect tends to increase with nhe 
cycling, as a result of accumulation of ferric species 
in the nhe active material (AM), particularly in its 
surface layers[2-7]. On the other hand, some 
authors have noted that there is no direct correlation 
between the total amount of the iron impurity in a 
nhe and the degree of its degradation[3, 8, 9], the 
latter being dependent on the way (and/or form) in 
which the iron impurity is introduced to nhe\l-\(f]. 
Besides that, there are even some indications about a 
certain improvement of the nhe performance when 
only traces of the iron impurity are present in the 
nhe AM[10], or when iron ions have been coprecipi¬ 
tated with nickel(II) hydroxide[ll]. Moreover, iron- 
containing compositions including Ni-Fe alloys[12] 
and sintered mixtures of ferric hydroxide (among 
other alternative additions proposed) with oxidized 
nhe active material and a binder[13] (also in the 
presence of LiOH[14]) have been patented as posi¬ 
tive electrodes for alkaline battery applications. 

It has been commonly implied that the main 
reason for nhe degradation due to iron contami¬ 
nation is a drastic decrease in the anodic oxygen 
evolution overpotential at nhe in the presence of iron 
species[l-8] which is equivalent to a lowered effi¬ 


ciency of the charging process owing to an unfavour¬ 
able redistribution of the anodic current. 

A special role in preventing the iron poisoning of 
alkaline battery nhe is played by lithium hydroxide 
which is a commonly used addition to KOH battery 
electrolyte[l]; numerous authors noted the detri¬ 
mental effect of the iron impurity to be considerably 
diminished when nhe were cycled in a lithiated 
electrolyte[4, 15-16]. 

The aim of the present work is to correlate the 
behaviour of iron hydroxo species in alkaline media, 
the specificity of the lithium cation (revealed, in par¬ 
ticular, in its influence on this behaviour) and the 
well-known detrimental effect of iron impurities on 
alkaline battery nhe in an attempt to elucidate the 
role of lithium in preventing the latter effect from a 
mechanistic viewpoint. 


EXPERIMENTAL 

Aqueous KOH, NaOH and LiOH electrolytes 
(analytical or chemical purity) used were prepared by 
diluting the corresponding concentrated solutions 
(12 M, 17 M and 5M, respectively) up to the desired 
concentrations with twice distilled water. The alka¬ 
linity, as well as carbonate impurity content 
(1.0 ± 0.1 mol%) in the electrolytes were controlled 
by titration. 

Synthetic goethite (a-FeOOH) was prepared by 
precipitation and ageing according to Ref. [17]; 
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testing of the dried yellowish-brown powdered 
sample by the X-ray diffraction and ir spectroscopic 
techniques detected no ferric oxyhydroxide forms 
other than a-FeOOH. 

Transmission Mossbauer spectra were obtained 
with a conventional constant-acceleration spectro¬ 
meter combined with a multichannel analyser; a 
standard computer statistical analysis procedure was 
applied. All isomer shift (IS) values are given relative 
to sodium nitroprusside dihydrate (SNP; for a-Fe, 
IS = 0.258 mm s -1 ). Other details of experimental 
procedures, materials, samples preparation, data 
acquisition and treatment have been described 
elsewhere[ 18-20]. 

All experiments, except where otherwise indicated, 
were performed at ambient temperature. 

GENERAL CONSIDERATIONS, RESULTS 
AND DISCUSSION 

Behaviour of iron compounds under the conditions of 
alkaline battery nhe performance 

An overview of the vast literature on the behav¬ 
iour of iron compounds in aqueous alkaline media 
(see, eg [18-22] and references reported therein), 
taking into consideration the two factors corre¬ 
sponding to the performance of alkaline battery nhe , 
ie a relatively high alkalinity ([OH - ] being usually 
4-8 M[l]) and high redox potentials, shows that all 
compounds containing iron in its oxidation state 
below + 3 would be unstable under these conditions. 
Thus, the formation of, eg magnetite Fe 3 0 4 con¬ 
sidered by Mlynarek et a/.[8] during electrochemical 
oxidation of Fe(III)-containing nhe , could have 
hardly been possible. Moreover, under these condi¬ 
tions the formation of ferrate(VI) ions can be 
observed[2, 13, 22]. 

On the other hand, ferrate(VI) easily soluble in 
alkaline solutions[23] is well known to be labile in 
these media[24-26], the more so in the presence of 
nickel (and cobalt) hydroxo compounds which were 
shown to catalyse its decomposition[27].* Another 
highly oxidized iron species which might in principle 
be formed, eg during ferrate(VI) decomposition^, 
28, 29], ie Fe(IV), was shown[30] to decompose irre¬ 
versibly in alkaline solution in contact with solid 
phasesf yielding a hydroxylated ferric species. Other 
possible higher oxidation states of iron (eg, 
Fe(V)[31-33] or Fe(VIII) obtained anodically in alk¬ 
aline media under special conditions for the first 
time in late ’80s[34-36] should be regarded as exotic 
for battery applications.t 

Hence the iron impurity in alkaline storage 
battery nhe seems most probable to exist in the ferric 


* The electrochemical formation, dissolution and further 
decomposition of ferrate(VI) contribute to the process of 
iron redistribution over the nhe surface during cycling (vide 
infra). 

t In the absence of a solid phase, iron(IV) ions were 
found to be stable in alkaline solutions[28, 29]. 

t Nevertheless, such highly oxidized unstable iron 
species have been presumed to exist as intermediate 
(possibly short-lived) products in anodic oxygen evolution 
electrocatalysis by iron hydroxo species at the nhe\_ 19, 37]. 


state. It should be noted that the majority of diverse 
iron(III) hydroxo compounds are either unlikely to 
be formed under the conditions discussed (vide 
supra), eg, ff or y-FeOOH, or unstable undergoing 
gradual dissolution with further recrystallization (eg, 
amorphous ferric hydroxide)[18, 21, 38-41]. The 
latter processes in alkaline electrolytes lead to the 
formation of a-FeOOH[41-44] which is thermody¬ 
namically stable in this medium[45-47]; it has also 
been shown to be electrochemically inactive as com¬ 
pared to other iron hydroxo forms[18, 48] accumu¬ 
lating in iron-containing electrodes during cycling in 
alkali[49]. Besides that, such metastable species as 
polynuclear ferric hydroxo complexes (as well as 
their monomeric form [Fe(OH) 4 ] _ )[18, 50, 51] and 
amorphous (colloid) ferric hydroxide particles[52] 
may also be present at the nhe surface and/or in the 
adjacent electrolyte layers. 

The effect of iron hydroxide on the physicochemical 
properties of alkaline battery nickel hydroxide 
electrodes 

In an early work by Tuomi[53], the general 
assumption was formulated that additives to the nhe 
might exert influences not necessarily via the forma¬ 
tion of an insulating layer hindering electron trans¬ 
port, as had earlier been proposed by Tichenor[54], 
but could alter the phase transition kinetics (ie, 
accelerate or slow down some certain mass transfer 
processes). Later, iron (oxy)hydroxides added to the 
alkaline battery pocket-type nhe active material were 
shown[9] to noticeably influence its phase composi¬ 
tion upon charging. 

A quantitative evaluation of the phase composi¬ 
tion of sintered-plate nhes with different amounts of 
iron hydroxide added onto the surface by impregna¬ 
tion, performed by analysing the X-ray diffraction 
intensity ratios for peaks (100) of /?-Ni(OH) 2 , (001) of 
/?-Ni(OH) 2 and /?-NiOOH, as well as peak (003) of 
y-NiOOH, as described earlier[20], clearly shows 
that the formation of the y-phase during nhe electro¬ 
chemical oxidation is inhibited already in the pres¬ 
ence of ca. 1% Fe/Ni (Fig. 1). 

Note that Novakovskii et a/.[9] pointed to a 
certain similarity in the influences of cobalt and iron 
hydroxides on the alkaline battery pocket-type nhe 
active material consisting in the latter inhibition 
effect of y-NiOOH formation. Also, Krejci et a/.[10], 
on the basis of electrochemical measurements, XPS 
(surface) and AAS (bulk) analyses of iron-containing 
sintered-plate nhes, came to the conclusion that, in a 
manner similar to that of cobalt hydroxides, traces of 
iron hydroxides have a beneficial effect on the struc¬ 
ture or conductivity of the nhe active material. 

As for cobalt hydroxide, the mechanism of its acti¬ 
vating influence on battery nhe has been shown[55] 
to be based on the formation of CoH0 2 [56, 57] on 
the surface of nickel hydroxide crystallites. The 
CoH 0 2 structure[58] is featured by strong inter- 
lamellar H-bonds which hinder the intercalation 
process of alkaline cations and water molecules into 
the nhe active material upon charging, thus yielding 
a highly disordered and therefore electrochemically 
active y-NiOOH phase accounting for an improved 
nhe cycling efficiency[55, 57]. The determining role 
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Fig. 1. Relative content of the y-NiOOH phase in the 
charged sintered-plate nickel hydroxide electrode active 
material containing iron hydroxide added by 
impregnation[20] (after 7 charge-discharge forming cycles 
in 4.5 M KOH) as a function of: (a) the applied charge 
capacity at (1) [Fe]/[Ni] = 0.06 ± 0.01 (natural impurity), 
(2) 0.17 ±0.02 and (3) 1.0 ± 0.1 at%; (b) the Fe-to^Ni 
atomic ratio at applied charge capacities (1) 0.5C, (2) 1C 
and (3) 1.5C, where C is the electrochemical capacity equiv¬ 
alent to the theoretical value corresponding to the tran¬ 
sition Ni + 2 ->Ni + 3 . 

of H-bonds formed in the nhe active material when 
introducing an anionic additive, which corresponds 
to cobalt hydroxide by its mechanism of nhe activa¬ 
tion, has been pointed out in Ref. [59]. 

a-FeOOH crystallizing from metastable ferric 
hydroxo species in alkaline media (vide supra ) is also 
known to have a layered structure[60] with similar 
relatively strong interlamellar H-bonds[61, 62] 
which inhibit the intercalation of small molecules, in 
contrast to, eg y-FeOOH[63].* Thus, from this view¬ 
point, a-FeOOH might well exert a similar effect on 
the phase transformation processes in nhe during 
charging when formed at the surface of nickel 
(oxy)hydroxide crystallites ( cf Refs. [9, 20]). Note 
that direct X-ray diffraction evidence for a-FeOOH 
formation in the active material of cycled sintered- 
plate nhe containing the iron(II) hydroxide addition 


* In Ref. [63], the impossibility of intercalation of small 
organic molecules into the a-FeOOH phase (in contrast to 
y-FeOOH) was explained by the absence of a layered struc¬ 
ture in the former. In view of the aforementioned, we 
regard this explanation as erroneous. 


introduced by impregnation (ca. 10mol% Fe relative 
to oxidized nickel) was obtained earlier[20]. 

It should be emphasized that the detrimental influ¬ 
ence of iron hydroxide on phase transitions in nhe is 
noticeable at essentially smaller iron quantities[1-9, 
20] than those of cobalt hydroxide which produces 
an activating effect[55-57], ie, the influence of 
a-FeOOH seems to be much stronger. Besides that, 
ferric impurity, either in the ionic form (hydroxo 
complexes) adsorbed at nhe[ 15, 19, 64] or as a solid 
(eg, oxyhydroxide) phase[l-10, 19, 20, 65, 66], 
decreases drastically oxygen evolution overpotential. 
Thus these two inseparable effects, intrinsic of iron 
hydroxo species, account for their strong sum¬ 
marized poisoning influence on battery nhe. In view 
of this, some positive effect of traces of iron impurity 
noticed by Krejci et ai[ 10] may in principle be 
explained. In fact, at minor iron quantities the 
decrease of oxygen evolution overpotential due to 
iron becomes negligible[65] and might well be over¬ 
compensated by the effect of the latter on nhe phase 
transitions, which in this case is similar to that of 
cobalt hydroxide, as was discussed earlier (see Refs. 
[9, 10]), yielding a well-cycling disordered electro- 
chemically active y-NiOOH (cf. Refs. [57, 59]). 

Since the processes of a-FeOOH nucleation and 
crystallization in alkaline electrolytes take some 
certain time[20, 40-44, 67], it is clear why degrada¬ 
tion of alkaline battery nhe upon accumulation of 
iron hydroxide impurity proceeds gradually[3-7], 
with a parallel gradual decrease in anodic oxygen 
evolution overpotential[20, 65] essentially contrib¬ 
uting to this effect, and, on the other hand, why cop¬ 
recipitated binary nickel-iron hydroxides having the 
j3-Ni(OH) 2 -type structure (or the a-Ni(OH) 2 -type 
one at a higher iron content)[7, 9, 68] show a rela¬ 
tively good charge/discharge efficiency at primary 
cycling steps[9, 11, 69] with inevitable further degra¬ 
dation upon gradual decomposition of the binary 
hydroxide solid solution (including dissolution and 
recrystallization of the iron component). 

The effect of lithium ions on the behaviour of ferric 
hydroxides in alkaline electrolytes 

Lithium ions have been found to increase signifi¬ 
cantly the solubility (as an equilibrium thermodyna¬ 
mic characteristic) of a-FeOOH, as compared to that 
in pure NaOH or KOH electrolytes[44]. This effect 
(and, more generally, a solubility increase in the fol¬ 
lowing sequence in KOH, NaOH and LiOH 
solutions) seems to be common for quite different 
metal hydroxides (eg, 0-Co(OH) 2 and CoHO 2 [70], 
Cd(OH) 2 [71]) and may obviously be attributed to 
the influence of the outer-sphere cationic environ¬ 
ment on the stability of hydroxo complexes[72-74] 
and, in particular cases, to the specificity of the 
lithium cation[73-75], 

Speaking of solubility as an equilibrium ther¬ 
modynamic value, only thermodynamically stable 
phases (such as a-FeOOH in alkaline media[45-47]) 
should be meant. However, as has been mentioned 
above, many of ferric hydroxo derivatives, being 
thermodynamically unstable in alkali, still may be 
more or less metastable. In this case, the kinetics of 
their transformations (in particular, dissolution 
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Fig. 2. Mossbauer spectrum of synthetic goethite (oc-FeOOH). Central peaks represent Lorentzian- 
shaped components of the quadrupole doublet contributing to the overall spectrum (solid line) computer- 
fitted to the experimental data (points); see also Table 1 (T - 298 K; the same for Figs. 4-6). 


and/or crystallization) may play an essential role, 
and the specificity of the lithium cation, as is shown 
below, may reveal itself. 

Our previous kinetic experiments on a-FeOOH 
dissolution in solutions of different alkalis[21, 44], as 
well as on its further crystallization from highly alka¬ 
line media supersaturated with iron(III) (relative to 
a-FeOOH), that had been obtained by dissolving 
metastable and therefore more soluble amorphous 
ferric hydroxide, onto a-FeOOH nuclei[21] sug¬ 
gested the presence of such a poorly crystallized or 
amorphous impurity in the synthetic a-FeOOH 
phase used. This presumption is directly confirmed 
here by the presence of a central quadrupole doublet, 
detected in the Mossbauer spectrum of the latter 
phase (Fig. 2), superimposed on the characteristic 
magnetically split sextet of a-FeOOH. It should also 
be noted that the asymmetric “inward” broadening 
of the lines comprising the sextet (see Fig. 2) corre¬ 
sponds to an a-FeOOH crystallite size distribution, 
smaller particles giving smaller values of effective 
hyperfine magnetic field (H tff ). A computer-fitting 
procedure applied to the spectral data obtained here 
(see Fig. 2) assuming an H e{{ distribution (with a 
superimposed quadrupole doublet) gives the param¬ 


eters of the main sextet with the maximal H ef{ (Table 
1) corresponding to goethite (a-FeOOH)[76, 77]. 
The parameters of the central doublet shown in Fig. 

2 (see Table 1) may be attributed to fine-particle goe¬ 
thite exhibiting superparamagnetic behaviour[76]. 
The latter should, however, give a magnetically split 
Mossbauer spectrum at liquid nitrogen temperature. 
Fig. 3 depicts the central part of a Mossbauer spec¬ 
trum of the same sample taken at T = 78 K. As the 
central doublet observed in the room-temperature 
spectrum (see Fig. 2) practically disappears at 78 K, 
its relation to fine-particle goethite is confirmed 
(note that, although a similar Mossbauer behaviour 
in going from ambient temperature to 78 K is also 
observed for /?-FeOOH[77], the latter phase obvi¬ 
ously could not have formed under the synthesis 
conditions applied and, besides that, its noticeable 
quantities would have been detected by either X-ray 
or ir analyses). The remaining part still giving a 
weak absorption in the centre of the spectrum in Fig. 

3 may be attributed to a small impurity of amorp¬ 
hous ferric hydroxide giving no magnetic ordering 
both at 298 and 78 K. Such a small relatively more 
highly and rapidly soluble impurity was 
presumed[44] to be present in synthetic a-FeOOH 


Table 1, Mossbauer parameters for synthetic a-FeOOH and the product of its long-term 
storage in 8 M NaOH solution (T = 298 ± 5 K) 


Sample 

Multiplicity 

IS 1 

(mm • s" 1 ) 

QS 2 

(mm • s ') 

Hi rr 
(kOe) 

St 

(%) 

Initial 

Doublet 

0.58 ± 0.01 

0.65 + 0.02 

— 

23.6 

(air-dry) 

Sextet 3 

0.62 ± 0.01 

0.26 ± 0.02 

372 ± 6 

33.1 

After storage 
(washed, air-dry) 

Sextet 5 

0.62 ± 0.01 

0.26 ± 0.02 

374 ±6 

40.3 


1 Isomer shift (vs. sodium nitroprusside dihydrate). 

2 Quadrupole splitting. 

3 Effective hyperfine magnetic field at 57 Fe nuclei. 

4 Partial resonant absorption areas of spectral components which represent relative con¬ 
tents of the corresponding forms assuming a common recoilless fraction for all forms. 

5 Main sextet (with the maximal H cff ) obtained assuming an H e{{ distribution correspond¬ 
ing to crystallite size distribution. 
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VELOCITY, mm<s‘ l 

Fig. 3. Mossbauer spectrum of synthetic goethite (a-FeOOH) taken at T = 78 K (central part). 


on the basis of its kinetic behaviour during disso¬ 
lution in alkaline media. 

Figure 4 shows that long-term storage of the 
a-FeOOH phase in 8 M NaOH or 8 M KOH solu¬ 
tions (1 gl~ l solid-to-solution ratio)* leads to practi¬ 
cally a complete disappearance of the central 
spectral components featuring the poorly crystallized 
fractions. Although a goethite particle size distribu¬ 
tion is also observed in this case (see the “inward” 
asymmetric broadening of the spectral lines in Fig. 4 
similar to that of the lines comprising the sextet in 
Fig. 2), the spectrum is closer to that of a well- 
crystallized goethite[76]. The parameters of the main 
sextet (which is also shown in Fig. 4) obtained by 
statistical fitting are practically the same as for that 
in the initial phase (see Table 1), while its relative 
area is somewhat greater. 


* Mossbauer spectra of the products stored in 8 M 
NaOH and 8 M KOH were essentially identical. 


Our calculation shows that complete dissolution 
of more soluble metastable forms featured by the 
central quadrupole doublet at room temperature (see 
Fig. 2, Table 1), ie , poorly crystallized a-FeOOH 
particles and amorphous ferric hydroxide present in 
the synthetic a-FeOOH sample, would give the 
Fe(III) concentration in solution over 2 x 10" 3 M 
which exceeds the a-FeOOH solubility by more than 
an order of magnitude (Table 2). Therefore it should 
be concluded that in 8 M NaOH (or 8 M KOH) the 
metastable poorly crystallized fraction undergoes 
complete recrystallization into goethite (most prob¬ 
ably via an intermediate dissolution $tep[21, 44]). It 
is interesting to note that recrystallization obviously 
occurs at a-FeOOH particles of different sizes (not 
only at the largest crystallites featured by the main 
sextet; see Figs. 2, 4), which may be concluded com¬ 
paring the relevant S f values (see Table l). 
Room-temperature Mossbauer spectra of the syn¬ 
thetic goethite samples stored in 2 M and 4 M LiOH 



Fig. 4. Mossbauer spectrum of synthetic goethite (a-FeOOH) after its long-term storage in 8 M NaOH 
solution. For comparison, the Lorentzian-shaped lines are shown comprising the main magnetically split 
sextet (see also Table 1) which contributes to the overall spectrum (solid line) computer-fitted to the 

experimental data (points). 
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Table 2. Solubility of synthetic goethite (a-FeOOH) in alk¬ 
aline electrolytes 


Electrolyte 

^Fe(III) ( in °l 1 *) 

10.0 M KOH 

(1.05 ± 0.04) x 10-* 

8.0 M KOH 

(4.5 + 0.3) x 10“ 5 

8.0 M KOH + 0.42 M LiOH 

(6.2+ 0.4) x 10“ 5 

5.0 M KOH 

(1.3+ 0.1) x 10“ 5 

10.0 M NaOH 

(2.43 ± 0.06) x 10“* 

8.0 M NaOH 

(1.11 ±0.12) x 10“* 

5.0 M NaOH 

(2.2 + 0.2) x 10“ 5 

5.0 M LiOH 

(5.2 ± 0.2) x 10- 5 

4.0 M LiOH 

(3.1 +0.2) x 10“ 5 

2.0 M LiOH 

(7.2 + 1.1) x 10“ 6 


* Equilibrium values (reached after 2-4 months of storage 
at ambient temperature) obtained by analysing neutralized 
aliquots of centrifugated alkaline electrolytes for total iron 
with o-phenanthroline[44]. 


solutions clearly show that absorption in the central 
region is still essential even after ca. 4 years of 
storage (Fig. 5). A similar spectrum with a noticeable 
absorption in the central region is obtained after a 
ca. 4-year storage in mixed 8 M KOH + 0.42 M 
LiOH solution* (Fig. 6; only a central part of the 


* Similar lithiated electrolytes are commonly used in 
storage batteriesfl]. 


spectrum is shown). These results indicate that LiOH 
inhibits the transformation of poorly crystallized 
ferric forms into goethite. As this transformation 
obviously includes two steps, viz . dissolution and 
crystallization, it is rather the former one that is 
inhibited in the presence of LiOH. This directly 
follows from our earlier kinetic experiments which 
have shown that the rate of a-FeOOH crystallization 
from alkaline solutions, supersaturated with iron(III) 
(relative to the a-FeOOH phase), increases in the fol¬ 
lowing sequence: KOH-NaOH-LiOH (viscosity 
taken into account)[21]. 

Note that, considering the relative absorption 
intensities in the central regions of Figs. 5(a) and 
5(b), for 4M LiOH the inhibition is more clearly 
manifested than for 2M LiOH, in spite of the con¬ 
siderably lower a-FeOOH solubility in the latter 
case (see Table 2). Assuming the total amount of the 
poorly crystallized species present in the initial syn¬ 
thetic goethite sample (see Fig. 2) to be 100% and 
that in the sample stored in 8 M NaOH (see Fig. 4) 
to be close to zero, our estimation from the spectral 
data shown in Figs. 2, 4-6 gives the following 
“residual” amounts of the poorly crystallized species 
for the samples stored in 4 M LiOH, 2 M LiOH and 
(8 M KOH 4- 0.42M LiOH) electrolytes: 24, 17 and 
24% of the initial amount, respectively. 

Considering the abnormal tendency of [Li aq ] + 
cations to form ion associates[73-75], it may be 
assumed that at higher LiOH concentrations (and, 



Fig. 5. Mossbauer spectra of synthetic goethite (a-FeOOH) after its long-term storage in (a) 2 M LiOH 

and (b) 4 M LiOH solutions. 
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Fig. 6. Mossbauer spectrum of synthetic goethite (a-FeOOH) after its long-term storage in mixed 8 M 
KOH + 0.42 M LiOH electrolyte (central part). 


the more so, in lithiated alkaline electrolytes 
where [Li + ] tota] [OH“] total , as in the mixed 
KOH + LiOH solution used here) an essential part 
of lithium cations is present in the form of [LiOH] aq 
associates. Comparing the data for different alkaline 
solutions presented above, it may be supposed that 
the inhibition of the dissolution step is due rather to 
the associated LiOH form than to lithium cations, 
although this requires further direct confirmation. 

The detailed mechanism of the inhibition of the 
dissolution step still remains unclear. It may obvi¬ 
ously involve some “superficial” interaction between 
the solid phase and lithium ions (or [LiOH] aq 
associates) similar to that presumed in the case of 
binary nickel(II)-zinc hydroxides stored in LiOH 
solutions, which also exhibited an anomalous behav¬ 
iour (as compared with eg , KOH)[78, 79], showing a 
drastic decrease in the solubility of the zinc com¬ 
ponent from the maximal value after some “induc¬ 
tion period”[79]. 


GENERAL CONCLUSIONS 

In view of the aforementioned, it can be concluded 
that lithium hydroxide, both as pure LiOH and as 
an additive to, eg KOH solutions, affects the pheno¬ 
mena which accompany accumulation of iron impu¬ 
rity in battery nhe during cycling, ie it prevents (or 
lessens considerably) both the reduction of oxygen 
evolution overpotential (thus improving the charging 
current distribution) and the formation of the 
a-FeOOH structure by hindering the dissolution 
process (which is followed by recrystallization) of 
poorly crystallized ferric (oxy)hydroxide forms, thus 
providing for a better nhe phase transition kinetics 
and a higher nickel utilization factor. 

It should also be noted that, in our opinion, the 
interpretation of the positive effect of lithium against 
nhe poisoning by iron (or its soluble species) pro¬ 
posed in the well-known review paper[80], consist¬ 
ing in the formation of a physical (ie, phase) barrier 


preventing iron ions penetration into the nhe crystal 
lattice, does not conform to experimental facts 
reported in the literature cited (see e</,[5-9, 20] 
where ferric hydroxide localized at (or added to) the 
nhe surface was shown to exert even a stronger detri¬ 
mental effect) and must therefore be reconsidered. 
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